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57 ABSTRACT 

Ceric oxide particulates having a Specific Surface of at least 
190 m/g, measured after calcination at a temperature of 
from 350 to 450° C., and a specific Surface of at least 15 
m/g after calcination at 800° C., are prepared by (a) 
Suspending, in an aqueous Solution of a decomposable base, 
a ceric hydroxide of the formula (I): 

Ce(M),(OH),(NO), (I) 

wherein M is an alkali metal or a quaternary ammonium 
radical; X is a number ranging from 0.01 to 0.2; y is Such that 
y=4-Z+X; and Z is a number ranging from 0.4 to 0.7; (b) 
heating the resulting Suspension in a confined reaction Zone 
to a temperature and pressure respectively lower than its 
critical temperature and pressure; (c) cooling Such reaction 
medium and permitting it to return to atmospheric pressure; 
(d) Separating the ceric hydroxide thus treated; and (e) 
calcining the Separated ceric hydroxide. 

21 Claims, No Drawings 
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CERC OXDE PARTICULATES HAVING 
IMPROVED MORPHOLOGY 

This application is a continuation, of application Ser. No. 
08/462,320, filed Jun. 5, 1995, now abandoned which is a 
continuation of application Ser. No. 08/109,594, filed on 
Aug. 20, 1993, now abandoned which is a continuation of 
application Ser. No. 07/920,540, filed on Jul. 28, 1992, now 
U.S. Pat. No. 5,279,789, which is a continuation of appli 
cation Ser. No. 07/456,378, filed on Dec. 26, 1989, now 
abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to novel ceric oxide par 
ticulates having improved morphological characteristics, 
including a large Specific Surface at an elevated temperature, 
and to a proceSS for the production of Such novel ceric oxide 
particulates. 

In the description that follows, by the term “specific 
surface” is intended the BET specific surface determined by 
the adsorption of nitrogen according to ASTM Standard D 
3663-78, established by the BRUNAUER-EMMETT 
TELLER method described in the Journal of the American 
Chemical Society, 60,309 (1938). 

2. Description of the Prior Art: 
It is known to this art that ceric oxide is a useful catalyst 

or catalyst Support. Compare, for example, the work of Paul 
Meriaudeau et al relative to the synthesis of methanol from 
CO+H on catalysts comprising platinum deposited onto 
ceric oxide (C.R. Acad. Sc. Paris, Vol. 297-Series II-471 
(1983)). 

It too is known to this art that the effectiveness of a 
catalyst is typically a function of the amount of the Surface 
area of the catalyst in contact with the reagents. Thus, it is 
necessary to provide and maintain the catalyst in the highest 
possible divided State, i.e., the Solid particles comprising 
Same should be as Small and individualized as possible. The 
fundamental role of the Support is thus to maintain the 
catalyst particles or crystallites in contact with the reagents, 
in the highest possible divided State. 
Upon extended use of the catalyst Support, its Specific 

Surface is reduced due to the coalescence of the very fine 
micropores. Over the course of Such coalescence, a portion 
of the Volume of the catalyst is merged into the mass of the 
Support and is no longer able to be contacted by the reagents. 

Heretofore, most of the known ceric oxides had a specific 
Surface which decreased rapidly at operating temperatures 
higher than 500 C. Thus, R. Alvero et al (J. Chem. Soc., 
Dalton Trans., 87 (1984)) prepared a ceric oxide from 
ammonium cerinitrate having, after calcination at 600 C., a 
specific surface of 29 m/g. 
FR-A 2,559,754 further describes a ceric oxide having a 

specific Surface of at least 85+5 m/g prepared by calcination 
at a temperature ranging from 350 to 450° C., preferably 
having a specific surface of from 100 to 130 m/g after 
calcination at a temperature of from 400 to 450° C. This 
oxide is prepared by the hydrolysis of an aqueous Solution 
of ceric nitrate in a nitric acid medium, followed by Sepa 
ration of the precipitate thus formed, Washing with an 
organic Solvent, optional drying, and, finally, calcination. 
The final product ceric oxide has a desirable specific Surface, 
when calcined at a temperature ranging from 300 to 600 
C. However, a decrease in the Specific Surface is observed 
after calcination at a higher temperature, Such specific 
surface being about 10 m/g after calcination at 800° C. 
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2 
In FR-A 2,559,755, a ceric oxide is described having a 

specific Surface of at least 85t5 m/g after calcination at a 
temperature of from 350° to 500° C., and preferably a 
specific Surface ranging from 150 to 180 m/g after calci 
nation at a temperature of from 400 to 450° C. This oxide 
is prepared by precipitating a basic ceric Sulfate by reacting 
an aqueous Solution of ceric nitrate with an aqueous Solution 
containing Sulfate ions, Separating the precipitate thus 
formed, Washing the precipitate with an ammonia Solution, 
optionally drying it, and then calcining Such precipitate at a 
temperature ranging from 300 to 500 C. The ceric oxide 
prepared in this manner has a large Specific Surface, but 
when subjected to a calcining operation at 800° C., its 
specific Surface decreases considerably, to about 10 m/g. 

In EP 88/401,593.4 (corresponding to European Patent 
No. 300851 B granted Feb. 26, 1992 and U.S. Pat. Nos. 
5,011,671; 5,023,070 and 5,174.984), assigned to the 
assignee hereof, a process is described for increasing and 
Stabilizing the Specific Surface of a ceric oxide at an elevated 
temperature. 

Such process entails exposing the ceric oxide or precursor 
of ceric oxide to a Solvothermal treatment prior to the 
calcining operation. 
More particularly, Such process comprises: 
(a) Suspending ceric hydroxide in a liquid medium; 
(b) heating the Suspension in an enclosure to a tempera 

ture and preSSure respectively lower than the critical 
temperature and critical pressure of Said medium; 

(c) cooling the reaction medium and permitting it to return 
to atmospheric pressure; 

(d) Separating the ceric hydroxide treated in this manner; 
and 

(e) calcining the separated ceric hydroxide. 
By “ceric hydroxide” is intended a hydrated ceric oxide 

CeO2H2O, or a ceric hydroxide which may contain 
residual anions whether bonded or adsorbed, Such as, for 
example, chlorides, Sulfates, acetates, formates, and the like. 
A preferred embodiment of EP 88/401,593.4 includes 

using a base Solution as the liquid autoclaving medium. 
Such a proceSS makes it possible not only to increase the 

Specific Surface of the final product ceric oxide, but also 
Same retains a large Specific Surface attemperatures of up to 
about 900 C. 
According to EP 88/401,594.2 (corresponding to Euro 

pean Patent No. 300852 B granted Sep. 18, 1991 and U.S. 
Pat. No. 5,174.984), by subjecting a ceric hydroxide pre 
pared by reacting a cerium Salt Solution with a base, option 
ally in the presence of an oxidizing agent, at a pH greater 
than 7, to an autoclave treatment in a basic medium, a ceric 
oxide is produced having a specific surface at 800 to 900 
C. never before attained in this art. 
The ceric oxide thus produced has a specific Surface of at 

least 15 m/g measured after calcination at a temperature of 
800 to 900 C., such specific surface preferably ranging 
from 20 to 60 m°/g measured after calcination at 800° C. 

It has a specific surface of 160 to 15 m/g measured after 
calcination at a temperature ranging from 350 to 900 C. 

Therefore, it may have a specific surface of from 70 to 160 
m/g, and preferably ranging from 100 to 160 m/g, mea 
Sured after calcination at a temperature ranging from 350 to 
450° C. 

In the present application, the Specific Surfaces reported 
are measured on a final product calcined for at least 2 hours 
at the given temperature. 

It has now unexpectedly and Surprisingly been determined 
that in carrying out the process described in EP 88/401, 
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593.4, but judiciously Selecting the Starting material ceric 
hydroxide and the liquid dispersion medium, a ceric oxide is 
prepared having Still further improved morphological char 
acteristics. 

SUMMARY OF THE INVENTION 

Accordingly, a major object of the present invention is the 
provision of novel ceric oxide particulates having improved 
morphological characteristics, notably a high Specific 
Surface, after calcination both at low and elevated tempera 
tureS. 

Briefly, the ceric oxide particulates of the present inven 
tion are characterized by having a specific Surface of at least 
190 m /g, preferably at least 200 ml/g, measured after 
calcination at 350 to 450° C. Indeed, the specific surface 
noted above is measured on a ceric oxide calcined at the 
temperature indicated. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 

INVENTION 

More particularly according to the present invention, the 
preferred ceric oxide has a Specific Surface ranging from 200 
to 280 m/g, measured after calcination at 350° to 450° C. 

Another characteristic of the ceric oxide of the invention 
is that it has a large Specific Surface after calcination at an 
elevated temperature. 

Thus, it has a specific Surface of at least 15 m/g measured 
at a temperature of from 800 to 900 C., and preferably 
ranging from 20 to 100 m/g measured after calcination at a 
temperature of 800° C. 

The ceric oxide particulates of the invention have a large 
specific Surface ranging from 190 to 280 m/g, measured 
after calcination at a temperature of from 350 to 450° C. 
When exposed to a higher temperature of ultimate use, e.g., 
in particular in the field of catalysis, Such particulates retain 
their large Specific Surface. 

This specific surface ranges from 20 to 90 m/g after 
thermal treatment at a temperature of 800° C. 

The ceric oxide particulates of the invention have a pore 
volume ranging from about 0.15 cm/g to about 0.30 cm/g 
measured after calcination at a temperature of 350 to 450 
C. 

The pore Volume, corresponding to pores having a diam 
eter of less than 60 nm (600 A), is measured on a mercury 
porosimeter according to ASTM Standard D4284-83 or by 
the method of nitrogen adsorption isotherms, which is the 
aforementioned BET method. 

After calcination at a temperature of 800 C., such par 
ticulates have a pore Volume that may range from 0.15 to 
about 0.30 cm/g. 
The ceric oxide particulates of the invention obtained 

after calcination at a temperature of from 350 to 450° C. 
have a mean pore diameter (ds) ranging from 2 nm (20A) 
to 10 nm (100 A). 

The “mean diameter' is defined as a diameter Such that all 
pores smaller than this diameter constitute 50% of the total 
pore volume (V) of the pores having diameters less than 60 
nm (600 A). 

After calcination at 800 C., the mean diameter ranges 
from about 10 nm (100 A) to about 20 nm (200 A). 

X-ray diffraction analysis demonstrates that the ceric 
oxide of the invention has a crystalline phase of the CeO2 
type, with a lattice parameter ranging from 0.542 nm (5.42 
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4 
A) to 0.544 nm (5.44 A), and a high degree of 
crystallization, in excess of 80% for the ceric oxide obtained 
after calcination at 350° C. to 450° C. and higher than 90% 
for a ceric oxide obtained after calcination at 800° C. 
The process for preparing a ceric oxide having a specific 

Surface of at least 190 m/g measured after calcination at a 
temperature of from 350 to 450° C., comprises: 

(a) Suspending, in an aqueous Solution of a decomposable 
base, a ceric hydroxide of the general formula (I): 

(I) 

wherein M is an alkali metal or a quaternary ammonium 
radical; X is a number ranging from 0.01 to 0.2; y is Such that 
y=4-Z+X, and Z is a number ranging from 0.4 to 0.7; 

(b) heating the resulting Suspension in a closed enclosure, 
or confined reaction Zone, to a temperature and pressure 
respectively lower than its critical temperature and 
pressure (the autoclaving operation); 

(c) cooling Such reaction medium and permitting it to 
return to atmospheric preSSure, 

(d) Separating the ceric hydroxide treated in this manner; 
and 

(e) calcining said separated ceric hydroxide. 
Thus, it has now been determined that a ceric oxide 

having a large Specific Surface both at low and elevated 
temperatures may be prepared by Subjecting a ceric 
hydroxide, or hydrate of ceric oxide produced by the 
hydrolysis in a basic medium of a cerium (IV) salt, to an 
autoclave treatment in a basic medium. 

Therefore, in the process of the invention a ceric hydrox 
ide corresponding to formula (I) is used. It is described in 
EP-A 0,208,580. 
More particularly, a cerium (IV) hydroxynitrate is used, 

which is capable of peptizing, i.e., producing a Sol Simply 
upon dispersion thereof in water. 

The thermal differential analysis of such product evi 
dences that during its calcination, in air, an exothermic peak 
at from 250 to 300° C. utilizing a temperature increase of 
300° C. per hour. 

It has a CeO2 type crystalline phase with a lattice param 
eter of 0.542 nm to 0.544 nm and a degree of crystallization 
of from 30% to 70%, preferably from 40% to 60%. 
The cerium hydroxide corresponding to formula (I) hav 

ing the aforesaid characteristics is prepared by a process 
described in EP-A 0,208,580, comprising preparing a col 
loidal dispersion of a cerium (IV) compound by reacting an 
aqueous Solution of a cerium (IV) Salt with a base, Such that 
a degree of neutralization less than or equal to 3.0 is 
provided, then Subjecting the dispersion to a heat treatment 
and Separating the precipitate thus formed. 

In the first stage of the process described in EP-A 0,208, 
580, a colloidal dispersion of a cerium (IV) compound is 
prepared. In Such dispersion, cerium (IV) is present Simul 
taneously in the form of ions and colloids, indicating the 
presence of particles having colloidal dimensions. This 
mixture of ions and colloids is designated a “colloidal 
dispersion”. 
The solution of the cerium (IV) salt may be an aqueous 

Solution of ceric nitrate or an aqueous Solution of ceriam 
monia nitrate. Such Solutions may contain, without 
disadvantage, cerium in the cerous State, but it is desirable 
that they contain at least 85% cerium (IV). 
The concentration of the Solution of the cerium salt is not 

a critical factor according to the invention. When expressed 
as cerium (IV), it may range from 0.1 to 2 moles per liter. 
A concentration of from 1 to 2 moles per liter is preferred. 
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The aqueous Solution of the cerium (IV) Salt typically has 
a certain initial acidity and may have a normality ranging 
from 0.1N to 4N, and preferably from 0.1N to 1N. 

The solution of the ceric nitrate produced by the electro 
lytic Oxidation of a Solution of cerous nitrate, and described 
in FR-A2,570,087 (No. 84/13,641) is the starting material of 
choice. 

The basic Solution used in the process of the invention 
may advantageously be an aqueous Solution of ammonia, or 
of Sodium or potassium hydroxide. It is also possible to use 
gaseous ammonia. Preferably, an ammonia Solution is used. 

The normality of Such basic Solution used is not critical; 
it may range from 0.1N to 11N, but preferably from 0.1N to 
5N. 

The proportion of the basic solution and the solution of 
the cerium (IV) salt must be such that the degree of 
neutralization is greater than or equal to 0.1 and less than or 
equal to 3.0. 

The degree of neutralization r is given by the following 
equation: 

wherein n1 is the number of moles of cerium (IV) present in 
the final colloidal dispersion; n2 is the number of OH moles 
required to neutralize the acidity introduced by the aqueous 
solution of the cerium (IV) salt; n3 is the total number of 
moles of OHT introduced by the addition of the base. 
The degree of neutralization reflects the colloidal state of 

the cerium (IV) values: 
(i) with r=4, cerium (IV) precipitates in a gelatinous form; 
(ii) with r=0, the cerium (IV) is in the ionic state; 
(iii) with 0<r-4, the cerium (IV) is in the ionic and/or 

colloidal State. 
For a final concentration of cerium (IV) lower than 0.5 

mole/liter, a degree of neutralization higher than or equal to 
0.01 and less than or equal to 2.5 is Selected, and for a 
concentration higher than 0.5 mole/liter, Such degree of 
neutralization preferably is higher than or equal to 0.01 and 
less than or equal 2.0. 

In a practical manner, to provide a degree r of neutral 
ization within the above range for a given concentration of 
cerium (IV) in the final colloidal dispersion, the concentra 
tion of the basic Solution is adjusted Such that it Satisfies the 
following equation: 

OH = (n1 r + n2Ce(IV) Ce(IV), 
n (ICe(IV); -ICe(IV)) 

wherein OH is the concentration in moles/liter of the 
basic solution; Ce(IV)) is the concentration in cerium (IV) 
in moles/liter of the final colloidal dispersion; Ce(IV) is 
the cerium (IV) concentration in moles/liter of the aqueous 
Solution of cerium (IV) salt; and n and n are determined by 
conventional analysis of the aqueous Solution of the cerium 
(IV) Salt, i.e., n by potentiometric titration with a ferrous 
Salt, and n by acid/basic titration after complexing of the 
cerium with oxalate ions. 

The reaction between the aqueous Solution of the cerium 
(IV) salt and the base introduced in the aforesaid amounts is 
carried out at a temperature ranging from 0 to 60° C., but 
preferably at ambient temperature, most typically 15 to 25 
C. 
The admixing of these reagents may be carried out 

according to any one of a number of different techniques. 
For example, the mixing may be carried out Simultaneously 
under agitation of the aqueous Solution of the Salt of cerium 
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6 
(IV) and the basic solution, or, the base may be added 
continuously, or all at once, to the aqueous Solution of the 
salt of cerium (IV), or conversely. 
The duration of the mixing is not critical and may range 

from 0.1 second to 30 hours, preferably from 2 to 6 hours. 
A collidal dispersion of a cerium (IV) compound in an 

aqueous medium is thus prepared. 
It contains cerium (IV) in a concentration which may 

range from 0.1 to 2 moles/liter, preferably from 0.3 to 0.8 
mole/liter. 
The amount of cerium (IV) in collidal state generally 

ranges from 10% to 90% of the cerium (IV) charged. 
The mean hydrodynamic diameter of the colloids ranges 

from about 4 nm (40 angstroms) to about 30 nm (300 
angstroms). It is determined by the quasi-elastic diffusion of 
light according to the method described by Michael L. 
McConnell in Analytical Chemistry, 53, No. 8, 1007A 
(1981). 

This dispersion is Subjected to an autoclave thermal 
treatment at a temperature ranging from 80 to 300 C., 
preferably from 90 to 110° C., and even more preferably at 
the reflux temperature of the reaction mixture. 
The conditions of the thermal treatment are not critical: it 

can be conducted at atmospheric pressure or at the preSSure 
corresponding to the pressure of the Saturated water vapor 
corresponding to the temperature of the thermal treatment. 
The treatment is conducted in an air atmosphere or in an 
atmosphere of an inert gas, preferably nitrogen. 
The duration of the treatment can vary within a wide 

range of from 2 to 48 hours, preferably from 2 to 24 hours. 
Upon completion of this operation, the Solid precipitate is 

Separated by conventional Solid/liquid Separation 
techniques, Such as filtration, decantation, drainage and/or 
centrifugation. 
The product recovered may be dried at a temperature of 

from 15 to 120° C., preferably at ambient temperature. This 
can be carried out in the ambient air or under reduced 
preSSure, for example at a pressure ranging from 133.322 Pa 
to 13332.2 Pa. 
A hydroxynitrate of cerium (IV) of formula (I) obtained 

directly after Separation, without any drying, if preferably 
used. 

According to the present invention, the product obtained 
by hydrolysis of a nitrate salt of cerium (IV) is then treated 
in an autoclave, prior to calcination. 

For this purpose, the ceric hydroxide is employed in the 
form of a Suspension in an aqueous Solution of a decom 
posable base which constitutes the liquid medium for the 
autoclaving operation. 
By “decomposable base' is intended a compound having 

a pk, less than 7 and Susceptible to decomposition under the 
conditions of the calcination Step of the invention. 

Suitable decomposable bases include, for example, 
ammonia, urea, ammonium acetate, ammonium acid 
carbonate, ammonium carbonate, or a primary, Secondary or 
tertiary amine, Such as, for example, methylamine, 
ethylamine, propylamine, n-butylamine, Sec-butylamine, 
pentylamine, 2-aminopentane, 2-amino-2-methylbutane, 
1-amino-3-methylbutane, 1,2-diaminoethane, 1,2- 
diaminopropane, 1,3-diaminopropane, 1,4-diaminobutane, 
1,5-diaminopentane, 1,6-diaminohexane, dimethylamine, 
diethylamine, trimethylamine, triethylamine or a quaternary 
amine Such as, for example, tetraalkyl ammonium hydroxide 
preferably having alkyl radicals of 1 to 4 carbon atoms, and 
more particularly tetramethyl ammonium hydroxide or tet 
raethyl ammonium hydroxide. 
A mixture of Such bases can also be used. 
Preferably a solution of ammonia, or of tetraalkyl ammo 

nium hydroxide, or a mixture thereof, is used. 
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The concentration of the base in the liquid autoclaving 
medium is not critical according to the invention. It may 
vary over large limits, for example ranging from 0.1N to 
11N, but it is preferable to use a Solution having a concen 
tration of from 1 to 10N. 

In the liquid medium, the concentration of the ceric 
hydroxide, expressed as CeO2, Varies, preferably from 0.1 to 
3.0 moles/liter and even more preferably from 0.2 to 1.0 
moles/liter. 
The autoclaving operation is carried out at a temperature 

ranging from the reflux temperature to the critical tempera 
ture of the reaction mixture. Preferably, Such temperature 
ranges from 100 to 350° C. and even more preferably from 
150 to 350° C. The increase in temperature is effected at a 
rate which is not critical. The reaction temperature is 
attained by heating, for example, for a period of time of from 
30 minutes to one hour. 

The process of the invention may be carried out by 
introducing the ceric hydroxide in Suspension into the liquid 
medium in a confined reaction Zone, in which case Super 
atmospheric pressure will result only upon heating of the 
reaction mixture. 

Under the temperature conditions given above, and in an 
aqueous medium, the pressure will thus range from 1 (10 
Pa) to 165 bars (165x10 Pa), preferably 5 (5x10 Pa) to 165 
bars (165x10 Pa). 

It is also possible to exert an external pressure which, in 
Such case, is added to the pressure resulting from heating. 

The duration of the autoclaving operation is not critical. 
It may range, for example, from 30 minutes to 6 hours. 
Upon completion of the autoclaving, cooling is permitted 

at the inertia of the System and the System is returned to 
atmospheric preSSure. 
The product in Suspension in the liquid medium is sepa 

rated by conventional Solid/liquid Separation techniques, 
Such as decantation, drainage filtration and/or centrifuga 
tion. 

The product recovered may optionally be washed, pref 
erably with water, and/or dried under the conditions previ 
ously described. 

In the last Stage of the process, the recovered product is 
calcined at a temperature ranging from 300 to 1000 C., 
preferably from 350° to 800° C. 

The duration of the calcination may vary over wide limits, 
for example from 30 minutes to 10 hours, preferably from 2 
to 6 hours. 

In one embodiment of the invention, the ceric hydroxide 
in Suspension in a liquid medium is Subjected to a first heat 
treatment in a closed vessel at a temperature and pressure 
respectively less than the critical temperature and critical 
preSSure of the liquid medium, i.e., it is Subjected to a first 
autoclave treatment. The liquid medium is preferably water. 
The autoclaved Suspension is then Subjected to a Second 

autoclaving operation as described above, with a liquid 
medium containing a decomposable base. 

The Suspension after the first autoclavage may be con 
centrated or diluted, or the ceric hydroxide may be separated 
and recovered, for example by filtration, prior to redisper 
Sion in a Second autoclave medium. The precipitate recov 
ered in this manner may be washed and dried prior to 
redispersion. 

The conditions of the first autoclaving operation are 
Similar to those described for the autoclaving in a basic 
medium. However, the concentration in ceric hydroxide, 
expressed as CeO2, may be higher, ranging, for example, 
from 0.1 to 4 moles/liter. 

The ceric oxide according to the invention has a large 
Specific Surface after calcination at low and high tempera 
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8 
tures such that it is well suited for application in the field of 
catalysis, whether as a catalyst or catalytic Support. 

It is especially well adapted for use as a catalytic Support 
in reactions for the catalytic conversion of exhaust gases 
from internal combustion engines. 

In order to further illustrate the present invention and the 
advantages thereof, the following Specific examples are 
given, it being understood that Same are intended only as 
illustrative and in nowise limitative. 

EXAMPLE 1. 
1. Synthesis of ceric hydroxide: 

Into a three-necked 6 1 flask, equipped with a 
thermometer, an agitator, and a System for the introduction 
of reagents (metering pump), the following materials were 
introduced at ambient temperature: 

(i) 1,000 cm of a ceric nitrate solution containing 1.24 
moles/liter cerium (IV) and having a free acidity of 
0.332N; and 

(ii) 2.555 cm of a 0.3726N ammonia solution. 
The addition of the ammonia Solution at ambient tem 

perature to the ceric nitrate Solution was carried out at a rate 
of 1,664 cm/h. 
A colloidal aqueous dispersion of a cerium (IV) com 

pound was thus produced, at a concentration, expressed as 
CeO2, equal to 60 g/l and having a degree of neutralization 
r=0.5. 

In a Second Stage, the dispersion obtained was Subjected 
to a heat treatment in a double-walled reactor equipped with 
reflux means and an agitator, at 100° C. for 4 hours. 

After filtration, 287 g of a yellow product were recovered. 
Chemical analysis of the product obtained indicated the 

following chemical composition: 
(a) ignition weight=20% 
(b) CeO=80% 
(c) molar ratio NO/Ce2=0.49 
(d) molar ratio NH"/Ce=0.025. 

2. Autoclavina of the ceric hydroxide: 
Into an autoclave having an active volume of 1 liter, 400 

cm of a 2N aqueous ammonia Solution and 24 g of the ceric 
hydroxide prepared under (1), were Successively introduced. 

After homogenization of the latter in its medium, the 
apparatus was heated to 180° C. or about 12 bar (12x10 Pa), 
for one hour. 
Upon completion of this treatment, the precipitate thus 

formed was filtered on a Buchner filter. 
Two fractions of the wet product were subjected to 

calcination under the following conditions: 6 hours at 350 
C. and 6 hours at 800° C. 
The Specific Surface of the ceric oxide produced was then 

determined by the method described above, as was its pore 
Volume. 
The size of theecrystallites perpendicular to the 110 and 

120 directions and the degree of crystallization were deter 
mined by X-ray diffraction. The results obtained are reported 
in Table I below: 

TABLE I 

Calcining Specific Pore Degree of 
temperature surface volume Crystallite crystal 

Example (°C.) (m/g) (cm/g) size (nm) lization (%) 
1. 350 250 0.17 4 8O 
1. 8OO 50 O.15 2O 90 

It will be noted that the ceric oxide of the invention had 
a high Specific Surface, measured both after calcination at a 
low temperature (350° C) and at a high temperature (800 
C.). 
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EXAMPLES 2 AND 3 
1. Synthesis of the ceric hydroxide: 

In these experiments, a ceric hydroxide prepared accord 
ing to Example 1 was used, with the exception that the 
amount of the base added was Such that the degree of 
neutralization was equal to 1.5 in Example 2 and 3.0 in 
Example 3. 
2. Autoclaving of the ceric hydroxide: 

Following the procedure of Example 1, 24 g ceric hydrox 
ide prepared according to (1) were suspended in 400 cm of 
a 2N acqueous ammonia Solution and Subjected to an auto 
clave treatment at 180° C. for 1 hour. 
Upon completion of this heat treatment, the precipitate 

thus formed was separated by filtering and calcined under 
the following conditions: one fraction was calcined for 6 
hours at 350° C. and two other fractions were calcined for 
6 hours at 600 and 800° C. 
The results obtained are reported in Table II which 

follows: 

TABLE II 

Calcining Specific 
Example temperature (C.) surface (m/g) 

2 350 260 
2 6OO 150 
2 8OO 50 
3 350 260 
3 6OO 140 
3 8OO 45 

EXAMPLE 4 
1. Synthesis of the ceric hydroxide: 

In this experiment, a ceric hydroxide prepared according 
to Example 1 was used. 
2. Autoclave treatment of the ceric hydroxide: 

(a) The ceric hydroxide was Suspended in water at a 
concentration of 400 g/l, expressed as CeO2. The Suspension 
was heated to 180° C. in a sealed enclosure for 1 hour. The 
autoclave pressure was about 12 bars (12x10 Pa). 

(b) After cooling the Suspension, 2N ammonia was added 
to provide a Suspension having 60 g/l CeO2. This Suspension 
was then treated as in Example 2. 

The properties of the product obtained were as follows: 
(1) after calcination at 350° C. for 6 hours: 

(i) specific surface: 187 m/g; 
(ii) mean crystallite size: 5.5-5 nm, 
(iii) % crystallization: 97%. 

2. after calcination at 800° C. for 6 hours: 
(i) specific Surface: 80 m/g; 
(ii) mean crystallite size: 14 nm, 
(iii) % crystallization: 98%. 

The product had an ignition weight on the order of 5%. 
While the invention has been described in terms of 

various preferred embodiments, the skilled artisan will 
appreciate that various modifications, Substitutions, 
omissions, and changes may be made without departing 
from the Spirit thereof. Accordingly, it is intended that the 
Scope of the present invention be limited Solely by the Scope 
of the following claims, including equivalents thereof. 
What is claimed is: 
1. Particulates consisting essentially of ceric oxide which 

have a specific Surface of at least 190 m/g, measured after 
calcination of the ceric oxide for two hours or more at a 
temperature of from 350° C. to 450° C., and with a specific 
Surface area of at least 15 m/g after calcination of the ceric 
oxide for two hours or more at a temperature of from 800 
C. to 900° C. 
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2. The ceric oxide particulates as defined by claim 1, 

which have a spacific surface ranging from 190 to 280 m /g, 
measured after calcination at a temperature of from 350° C. 
to 450° C. 

3. The ceZic oxide particulates as defined by claim 2, 
which have a specific surface ranging from 200 to 280 m/g, 
measured after calcination at a temperature of from 350° C. 
to 450° C. 

4. The ceric oxide particulates as defined, by claim 1, 
which have a specific Surface of at least 15 m/g, measured 
after calcination at a temperature of from 800° C. to 900 C. 

5. The ceric oxide particulates as defined by claim 4, 
which have a specific Surface ranging from 20 to 100 m/g, 
measured after calcination at a temperature of 800 C. 

6. The ceric oxide particulates as defined by claim 1, Said 
particulates retaining a specific Surface ranging from 20 to 
90 m/g after thermal treatment at a temperature of 800° C. 

7. The ceric oxide particulates as defined by claim 1, 
which have a pore volume ranging from 0.15 to 0.30 cm/g, 
measured after calcination at a temperature of from 350° C. 
to 450° C. 

8. The ceric oxide particulates as defined by claim 7, 
having a mean pore diameter ranging from 2 nm to 10 nm. 

9. The ceric oxide particulates as defined in claim 1, 
which have a pore volume ranging from 0.15 to 0.30 cm/g, 
measured after calcination at a temperature of 800 C. 

10. The ceric oxide particulates as defined by claim 9, 
having a mean pore diameter ranging from 10 nm to 20 nm. 

11. The ceric oxide particulates as defined by claim 1, 
having a degree of crystallization higher than 80%. 

12. The ceric oxide particulates as defined by claim 11, 
having a degree of crystallization higher than 90%. 

13. Particulates consisting essentially of ceric oxide 
which have a specific Surface of at least 190 m/g, measured 
after calcination of the ceric oxide for two hours or more at 
a temperature of from 350° C. to 450° C., and with a specific 
Surface area of at least 15 m/g after calcination of the ceric 
oxide for two hours or more at a temperature of from 800 
C. to 900 C., said ceric oxide particulates being prepared by 
a process comprising (a) Suspending, in an aqueous Solution 
of a decomposable base, a ceric hydroxide of the formula (I): 

(I) 

wherein M is an alkali metal or a quaternary ammonium 
radical; X is a number ranging from 0.01 to 0.2; y is Such that 
y=4-Z+X; and Z is a number ranging from 0.4 to 0.7; (b) 
heating the resulting Suspension in a Sealed reaction Zone to 
a temperature and pressure respectively lower than its criti 
cal temperature and pressure; (c) cooling it and permitting it 
to return to atmospheric pressure; (d) separating the ceric 
hydroxide thus treated; and (e) calcining the separated ceric 
hydroxide for a time effective to produce a calcined ceric 
oxide product. 

14. The ceric oxide particulates as defined by claim 13, 
which have a specific surface ranging from 190 to 280 m/g, 
measured after calcination at a temperature of from 350° C. 
to 450° C. 

15. The ceric oxide particulates as defined by claim 13, 
which have a specific Surface of at least 15 m/g, measured 
after calcination at a temperature of from 800° C. to 900 C. 

16. The ceric oxide particulates as defined by claim 15, 
which have a specific Surface ranging from 20 to 100 m/g, 
measured after calcination at a temperature of 800 C. 

17. The ceric oxide particulates as defined by claim 13, 
wherein said ceric hydroxide of formula (1) is prepared by 
reacting an aqueous Solution of a cerium (IV) Salt with a 
base to attain a degree of neutralization no greater than 3.0, 
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and then heat treating the colloidal dispersion of a cerium 
(IV) compound thus formed, and separating therefrom the 
resulting ceric hydroxide precipitate. 

18. The ceric oxide particulates as defined by claim 13, 
wherein Said decomposable base comprises ammonia, urea, 
ammonium bicarbonate, ammonium carbonate, a primary, 
Secondary, tertiary or quaternary amine, or mixtures thereof. 

19. The ceric oxide particulates as defined by claim 13, 
Said aqueous Solution of a decomposable base having a 
concentration ranging from 1 to 10N. 

12 
20. The ceric oxide particulates as defined by claim 13, 

Said process comprising autoclaving Said aqueous Suspen 
sion at a temperature ranging from 100 to 350° C. 

21. The ceric oxide particulates as defined by claim 13, 
wherein the concentration of ceric hydroxide in the aqueous 
Suspension, prior to said heat treatment (b), ranges from 0.1 
mole to 4 moles/liter, expressed as CeO. 


